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(57)  The invention provides a method for producing
a frozen product comprising a solid matrix throughout
which particulates are distributed using an apparatus
comprising at least one compartment which is rotatable
about an axis. The method comprises the steps of adding
to the compartmentalliquid to be frozen to form the matrix
and particulates to be distributed therein, reducing the

Method and apparatus for the manufacture of a frozen product

temperature around the compartment to a temperature
below the freezing point of the liquid, rotating the com-
partment about the axis while at least some of the liquid
freezes within the compartment trapping at least some
of the particulates within the frozen matrix and removing
the frozen product from the compartment.
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Description

[0001] The present invention relates to a method and
apparatus for the manufacture of a frozen product and
to a frozen product itself. The invention relates particu-
larly to frozen water products which include metallic par-
ticulates for decorative, or other, reasons, but could be
used for other liquids and particulate materials.

[0002] Frozen water, or ice, is often used as a cooling
agent for food and drinks and itis common to have blocks
of ice, for example cubes, spheres or other shapes, pro-
vided in drinks. It has been suggested in the past that
gold flakes could be used to make such blocks more aes-
thetically appealing to consumers and to release the gold
flakes into a drink as the ice melts.

[0003] The manufacture of such ice products typically
involves adding the particulates and water to a mould
and putting the mould into the freezer until the water has
frozen into ice. This can result in the particulates being
in a layer on one side of the ice, either because they sink,
or because they float, prior to freezing of the water. Mod-
ifying the water or particulate properties so that the par-
ticulates can be reliably suspended in the liquid may be
possible in some cases, but this can be difficult to achieve
and may not always be possible.

[0004] Applying the particulates to surfaces of the
mould, or to the already frozen ice, can allow the partic-
ulates to be distributed in a surface layer of the ice, but
this surface layer melts first and releases the particulates
leaving plain ice. The ice could be frozen in layers, with
each layer including additional particulates, but this is
time consuming and the interfaces between the layers
may render the ice opaque which may not be visually
acceptable. These techniques can also be applied to oth-
er liquids.

[0005] Itis an object of the presentinvention to provide
a method and apparatus for the manufacture of a frozen
product that addresses some of the problems mentioned
above.

[0006] The invention provides a method for producing
a frozen product comprising a solid matrix throughout
which particulates are distributed using an apparatus
comprising at least one compartment which is rotatable
about an axis, the method comprising the steps of:

a) adding to the compartment a liquid to be frozen
to form the matrix and particulates to be distributed
therein;

b) reducing the temperature around the compart-
ment to a temperature below the freezing point of
the liquid;

c) rotating the compartment about the axis while at
least some of the liquid freezes within the compart-
ment trapping atleast some of the particulates within
the frozen matrix; and

d) removing the frozen product from the compart-
ment.
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[0007] By rotating the compartment about an axis dur-
ing freezing of the liquid, the particulates are disturbed
during the freezing process and settling, floating or ag-
gregating of the particulates can be reduced. The distur-
bance may be due to flow, or eddy, currents generated
within the liquid as a result of the rotation of the compart-
ment, or may be due to gravity if the axis is transverse
to the axis along which gravity acts. By preventing, or at
least limiting the effects of positive or negative buoyancy
of the particulates and the tendency of the particulates
to clump together or aggregate, an enhanced distribution
of the particulates throughout the frozen matrix can be
achieved.

[0008] The axis about which the compartment is rotat-
ed may pass through the compartment or the compart-
ment may be offset from the axis so thatthe compartment
orbits about the axis during the rotation. The axis may
be transverse to the direction along which gravity acts,
may be within about 10° of being perpendicular to the
direction along which gravity acts, or may be substantially
perpendicular to the direction along which gravity acts.
[0009] The particulates may be any suitable particles
thatitis desired to distribute throughout the frozen matrix.
The particulates may have substantially neutral buoyan-
cy in the liquid such that they do not rise or fall through
the liquid particularly quickly as this facilitates the pro-
duction of a frozen product in which the particulates are
distributed throughout the frozen matrix.

[0010] The compartment may be any suitable shape,
for example the compartment may have a substantially
circular, or substantially square, cross section. To facili-
tate removal of the frozen product from the compartment,
the compartment may include aremovable lid which clos-
es or seals a compartment opening. The compartment
may have a cross section which is substantially parallel,
or tapering outwards, towards the opening so that a fro-
zen product within the compartment can slide from the
compartment through the opening to be removed from
the compartment. Other ways of removing the product
from the compartment are also possible and may be pre-
ferred if complicated product shapes are required. For
example the compartment may take the form of a multi-
section mould having walls that can be individually
moved away from the product, or which are deformable
to allow the product to be removed. The method may
also include a step of warming the compartment walls
which may facilitate removal of the frozen product from
the compartment by melting an exterior layer of the frozen
product.

[0011] The compartment may be sub-divided into sub-
compartments having desired shapes and/or volumes
using internal walls. The internal walls may define a plu-
rality of substantially cubic sub-compartments. The inter-
nal walls may be removable from the compartment to
facilitate extraction of the frozen product. The sub-divi-
sion of the compartment also enhances control of the
distribution of the particulates as a pre-determined quan-
tity of particulates can be loaded into each sub-compart-
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ment to produce a desired effect. This means thata com-
partment can be used to create a plurality of frozen prod-
ucts each having a defined quantity of particulates there-
in. If used with directional freezing (discussed below) the
internal walls can be used to define one or more sub-
compartments near the freeze initiation wall that include
particulates and one or more sub-compartments further
from the freeze initiation wall which do not as it is expect-
ed that, with the liquid to be frozen, the sub-compart-
ments at that distance from the freeze initiation wall may
be cloudy.

[0012] The compartment may be bounded by one or
more walls, including a freeze initiation wall. At least
some of the walls may be insulated and the freeze initi-
ation wall may be substantially uninsulated. It should be
understood that the terms insulated and uninsulated
used here are to be considered as relative to one another
to provide the function of the freeze initiation wall. In use,
the temperature around the compartment is reduced to
below the freezing point of the liquid and by having insu-
lated walls and an uninsulated freeze initiation wall the
point, area, or region, of initiation of freezing of the liquid
is controlled and the liquid within the compartment freez-
es from the freeze initiation wall along the compartment
along a freeze path. The freeze path may be complex,
particularly for a compartment having a complex shape,
butis preferably substantially linear. The freeze path may
form a freeze axis for a compartment in which the direc-
tion of freezing is substantially linear. The freeze axis
may extend from substantially centrally within the freeze
initiation wall and extend substantially along the centre
of the compartment away from the freeze initiation wall.
The freeze axis may be substantially parallel with the axis
about which the compartment is rotated, or the freeze
axis may differ from the axis about which the compart-
ment is rotated by less than 45°, maybe less than 30° or
possibly less than 10°. There may be a plurality of freeze
initiation walls for one compartment if desired.

[0013] The insulation on the walls of the compartment
may be removable. It may be desirable to adjust the rate
at which heat can be lost from the uninsulated freeze
initiation wall so that the temperature within the compart-
mentdoes notdrop too rapidly leading to low temperature
fluid being transported by eddy currents and initiating
freezing in unwanted locations. Such control over the rate
of heat loss at the freeze initiation wall can be achieved,
for example, by insulating the freeze initiation wall, or by
altering the interaction of the air with the freeze initiation
wall. Alter the interaction of the air with the freeze initiation
wall may be achieved by arranging a shield spaced apart
from exterior of the freeze initiation wall which serves to
control the flow of air over the freeze initiation wall. For
example the shield may form an air channel over the
freeze initiation wall.

[0014] The process of controlling the initiation and di-
rection of freezing using a freeze initiation wall is referred
to herein as directional freezing because the direction of
freezing is controlled and consistent within the compart-
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ment. The freeze initiation wall may be uninsulated which
means that it may be sufficiently less insulated than the
other, insulated, walls to ensure that freezing begins at
the freeze initiation wall and not the others and that the
frozen matrix grows along the compartment in a predict-
able manner. The amount of insulation required to
achieve this control will vary depending upon various fac-
tors including the temperature to which the compartment
is to be subjected, the liquid being frozen and the mate-
rials of the walls. The compartment wall could be formed
from, for example a metal or plastics material and insu-
lation added as required to the insulated regions, for ex-
ample an insulated portion of the compartment may com-
prise a silicone rubber insulation material added to a com-
partment wall, for example the insulation may comprise
a foam insulator, such as a closed cell, cross linked pol-
yethylene foam. Such a foam insulator may be added at
athickness of about 30mm to provide the insulated walls
for a water based frozen product. It should be noted that
the walls may be insulated simply by virtue of the material
from which they are manufactured and the insulation
need not be an additional element added to a wall, for
example the uninsulated freeze initiation wall may be fab-
ricated from the same material as the insulated walls, but
the material may be thinned in the uninsulated region
and therefore provide less insulation, or the insulated
walls may be made from a plastics material and the freeze
initiation wall from a metal such as steels or copper. In a
compartment with a single freeze initiation wall the direc-
tion of freezing will typically be away from the freeze in-
itiation wall along the compartment along a freeze axis.
It should be noted that the process of directional freezing
to produce substantially pure frozen products adjacent
the freeze initiation wall can be used without rotation of
the compartment and without particulates if desired.
[0015] In this way there is provided a method for pro-
ducing a frozen product comprising a solid matrix using
an apparatus comprising at least one compartment, the
compartment being bounded by one or more walls, in-
cluding a freeze initiation wall, at least some of the walls
being insulated and the freeze initiation wall being sub-
stantially uninsulated., the method comprising the steps
of:

a) adding to the compartment a liquid to be frozen
to form the matrix and particulates to be distributed
therein;

b) reducing the temperature around the compart-
ment to a temperature below the freezing point of
the liquid;

c) allowing at least some of the liquid to freeze; and
d) removing the frozen product from the compart-
ment.

[0016] The freeze initiation wall may be a removable
lid which closes and/or seals an opening of the compart-
ment and which may be uninsulated.

[0017] The compartment may include one or more in-



5 EP 3 047 734 A1 6

lets, for example the opening which may be closed by a
lid or an inlet valve through a wall, and may include one
or more outlets, for example an air valve, or vent, through
which air is allowed to escape, particularly during the
process of adding liquid to the compartment. The inlets
and outlets may be provided in opposing walls of the
compartment, or in the same wall. A combined inlet and
ventmay be provided. The inletand vent may be provided
through the lid which closes the compartment.

[0018] The step of rotating the compartment about the
axis may include rotating the compartment in a first di-
rection about the axis, for example clockwise, for a first
length of time and then rotating the compartment the op-
posite direction about the axis, for example anti-clock-
wise, for a second length of time. The first and second
lengths of time could be predetermined, or could be ran-
domly chosen and may or may not be equal in duration.
The rotation may be controlled by an automated control
device, forexample a computing device or a timer device.
The rotating in one or other direction may be repeated
each period of time spent rotating may be followed or
preceded by a period of time during which no rotation
occurs. It should also be noted that the rotation need not
be full rotations about then axis and rocking back and
forth about the axis is also considered to be rotation about
the axis first one way and then the other. Itis also possible
that the axis might move during the rotation of the com-
partment, for example the axis about which the compart-
ment is being rotated might change orientation during
such rotation. Such techniques are known for mixing lab-
oratory samples, for example in roller mixers.

[0019] The rotation may occur at between 0.1 and 60
revolutions per minute, but rates of rotation outside this
range are possible.

[0020] The compartment may be vibrated during the
rotation step, or during other steps, for example during
a period when the compartment is not rotating. Vibration
during rotation could be achieved by using an offset cou-
pling to a motor which drives the rotation.

[0021] The liquid to be added to the compartment may
be viscosity adjusted prior to being added into the com-
partment. The viscosity adjustment might be carried out
by cooling or heating the liquid prior to adding the liquid
to the compartment, or may be by adding viscosity mod-
ifying additives to the liquid. By adjusting the viscosity of
the liquid the rate at which particulates move through the
liquid under the action of gravity or currents can be al-
tered. Additives could also be added to the liquid to adjust
the surface tension of the liquid to modify the behaviour
of the particulates within the liquid if desired/required.
[0022] At least some of the particulates may include a
coating to modify the overall density of the particulate
from that of the base material of the particulate to more
closely match the density of the liquid. For example, a
particulate of a gold base material may be coated with a
low density material to reduce the overall density of the
particulate and thereby adjust the buoyancy of the par-
ticulate within the liquid. A coating could also be applied
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to some or all of the particulates to adjust interaction be-
tween the particulate and the liquid. For example if water
istobe used as theliquid, the particulates could be coated
with a hydrophobic or hydrophilic layer to alter the inter-
action between the particles and the water.

[0023] The method is appropriate for any liquid, al-
though the low temperatures and/or high pressures re-
quired to freeze some liquids may be prohibitive. It is
therefore preferred that the liquid which will form the ma-
trix is a liquid at room temperature and pressure (about
20-25°C and 1 bar) and freezes at a pressure of about 1
bar at a temperature above -100°C, preferably above
-50°C, more preferably above -30°C and most preferably
above -5°C. Being liquid at room temperature and pres-
sure means that no special handling is required for the
liquid during the phase of adding the liquid to the com-
partment. The higher the freezing temperature of the lig-
uid the less energy is required to cool and freeze the
liquid from room temperature. Also there is a lower risk
of injury from contact with the frozen product.

[0024] Preferred liquids include water, preferably pu-
rified, to remove or reduce dissolved minerals, water and
alcohol based drinks, for example vodka or tequila. The
freezing point of mixtures can be adjusted by varying the
relative concentrations of the components of the mixture.
Purified water can be created by many methods including
distillation, ion exchange, reverse osmosis, carbon filter-
ing, microfiltration, ultrafiltration, ultraviolet oxidation, or
electrodialysis. Such processes seek to reduce levels of
impurities in the water. In the present invention it is pre-
ferred that, if water is to be the liquid, purified water is
used as this reduces cloudiness of the final product.
[0025] The particulates can be made of any suitable
material. The particulates preferably rise or fall under the
action of gravity through the liquid at a rate of less than
about 5cm per minute, preferably less than 2cm per
minute and more preferably at less than 1 cm per minute
as this facilitates distributing the particulates within the
liquid. Rapid settling orrising is likely to require significant
agitation by rotation or vibration to ensure that the par-
ticulates are not substantially solely distributed around
the periphery of the compartment.

[0026] The particulates may have a maximum dimen-
sion of less than 10mm, preferably less than 5mm, as
this facilitates the distribution of the particulates through-
out the matrix as liquid viscosity and surface effects play
a significant role in determining the rate at which the par-
ticulate moves through the liquid. Particularly preferred
materials for the particulates include gold and silver leaf,
other metallic leaf materials and other similar materials,
metallic or otherwise as these can produce pleasing aes-
thetic effects. Particularly preferred materials for the par-
ticulates also include organic materials, such as the zest
of citrus fruits such as lemon, lime or orange, herbs, spic-
es or other flavoured materials, organic or otherwise.
[0027] There may be a combination of two or more
types of particulate, for example flakes of gold and silver
leaf. Such a combination may produce a pleasing visual
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effect.

[0028] The particulates and the liquid may both be
made of edible materials as this means that the frozen
product can be safely used to cool either food or drink
products without a toxic risk to any consumers.

[0029] Atleastsome of the particulates have functional
properties other than aesthetic, for example they may
include one of more indicator substances that react with
atarget substance to produce a visual or other indication
of the presence of the target substance. Such functional
particulates may include an indicator substance that
changes colour in the presence of a narcotic. If such par-
ticulates were used in a frozen ice product intended for
use as a drink cooler, the indicator substance could in-
dicate to a consumer if an unwanted narcotic had been
added to their drink. Alternative non-aesthetic properties
include pharmaceutically active particulates, health sup-
plement particulates such as vitamins or minerals, flavour
enhancing or altering particulates such as those already
mentioned above. If the frozen product is to be used to
cool a drink, the particulate may be readily soluble in the
drink, or react with a component in the drink to provide
aparticular effect. If such solubility or reactivity is required
then it is preferred that the particulate is substantially
insoluble or substantially unreactive with the liquid which
is to form the matrix of the frozen product.

[0030] Distributing such functional particulates
throughout the frozen product ensures a sustained re-
lease of those particulates as the frozen product melts
and can therefore be used to ensure that, while the prod-
uctis still melting, it is likely that some particulate is being
released.

[0031] The invention also provides an apparatus suit-
able for carrying out the method as described above, the
apparatus comprising a compartment, a bracket, a drive
shaft and a motor, the motor being coupled to the drive
shaft such that the motor can cause rotation of the drive
shaft, the compartment coupled to the bracket which can
be driven by the drive shaft to cause the compartment to
rotate about an axis.

[0032] The bracket and drive shaft may be integrally
formed from a single piece of material and may incorpo-
rate some, or all, of the compartment.

[0033] The bracket may comprise an insulated disc to
which the compartment is attached, possibly removably
attached. The disc may be rotatable about a disc axis of
the disc and thereby cause the attached compartment to
also rotate about that disc axis. The apparatus may in-
clude a plurality of compartments attached, possibly re-
movably, to the disc. The apparatus may include a plu-
rality of such insulated discs, each of which includes at
least one compartment attached thereto, possible re-
movably.

[0034] The apparatus may include afreezer apparatus
containing an enclosed volume, the temperature of which
can be controlled to be below the freezing point of the
liquid to be frozen. In use the filled compartmentis placed
inside the enclosed volume and rotated about the axis
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during freezing. The freezer compartment may be part
of a known freezer apparatus, for example an electrically
powered non-CFC based freezer apparatus.

[0035] The motor may be located outside of the en-
closed volume of the freezer and the drive shaft may pass
through a wall of the freezer to the bracket and compart-
ment within the enclosed volume. The drive shaft may
be made from an insulating material, for example a plas-
tic, so that heat is not readily conducted into the enclosed
volume.

[0036] The invention also provides a frozen product
comprising a frozen matrix with particulates distributed
substantially throughout the matrix. Such a product has
not previously been possible, particularly with particu-
lates that do not remain suspended within the liquid for
a significant time.

[0037] The frozen matrix may by ice (frozen water) and
at least some of the particulates may be made from one
or more materials selected from the list comprising gold,
silver, bronze, copper and imitation metals. Such partic-
ulates provide a pleasing decorative effect to the product.
The particulates are preferably substantially non-toxic
and so can be consumed safely in at least small quanti-
ties. The particulates may be in the form of a leaf, sheet,
petal, dust, flake, designed shapes, letters and numbers.
The term designed shapes here is used to mean a shape
which is intended to represent something to a consumer.
[0038] As an example the frozen product may be ice
(frozen water) in which particulates of gold or silver leaf
are distributed.

[0039] It should be noted that as used herein the term
frozen product refers to a product, the solid matrix of
which, would be liquid atroom temperature and pressure,
but which has been cooled sufficiently to solidify the lig-
uid. It would be expected that a frozen product according
to the present invention would gradually melt at room
temperature and pressure (about 20-25°C and 1 bar).
[0040] The invention will now be described by way of
example only with reference to the following figures in
which:

Figure 1 shows a frozen product including particu-
lates distributed throughout.

Figure 2 shows a cross section through the frozen
product of Figure 1;

Figure 3 shows a schematic view of apparatus for
carrying out the method;

Figure 4 shows a schematic view of a compartment
of the apparatus;

Figure 5 shows a detailed view of part of the appa-
ratus of Figure 3;

Figures 6, 7, 8a, 8b and 9 show steps in a directional
freezing process; and
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Figure 10 shows a schematic view of a compartment
ofthe apparatus including internal walls defining sub-
compartments.

[0041] Figure 1 shows a frozen product 1 comprising
a solid matrix 2 of frozen liquid and particulates 4 distrib-
uted throughout the matrix 2. In this case the matrix 2 is
made from purified drinking water and the particulates 4
include edible gold and silver leaf with a maximum di-
mension no larger than about 1 cm, preferably no larger
than 0.5cm. The frozen product 1 is substantially cube
shaped and has a substantially uniform cross section
from a front face 6 to a rear face 8 and particulates 4 are
distributed substantially throughout the matrix 2. The par-
ticulates 4 are distributed substantially randomly
throughout the matrix 2.

[0042] Figure 2 shows a cross section through the fro-
zen product 1 of Figure 1 along the plane A shown in
Figure 1. The cross section shows the solid matrix 2 and
the particulates and again shows that the particulates 4
are distributed throughout the solid matrix 2.

[0043] Figures 1 and 2 show a frozen product 1 within
which particulates 4 are distributed substantially random-
ly throughout the matrix 2 with no layers, significant con-
centration gradient or orientation alignment.

[0044] Figure 3 shows apparatus 10 suitable for man-
ufacturing a frozen product 1 and which can be used to
manufacture other frozen products if desired.

[0045] The apparatus 10 comprises a plurality of com-
partments 12, brackets 14, a drive shaft 16 and a motor
18. The motor 18 is coupled to the drive shaft 16 such
that the motor 18 can cause rotation of the drive shaft
16. The compartments 12 are coupled to the bracket 14
which can be driven by the drive shaft 16 to cause the
compartment 12 to rotate about an axis 20. In this case
the axis 20 about which the compartments 12 rotate ex-
tends along the driveshaft 16.

[0046] The apparatus 10 further includes a freezer
compartment 22 which includes a substantially enclosed
volume 24 within which the temperature can be controlled
by a freezer controller 26. The controller is coupled to a
cooling element 28 within the enclosed volume 24 which
can be used to cool the enclosed volume 24. The freezer
compartment 22 also includes a heat exchanger 30 out-
side the enclosed volume 24. The freezer compartment
22 operates on a known refrigeration cycle for example
a cycle involving a non-CFC based refrigerant.

[0047] The substantially enclosed volume 24 is bound-
ed by an insulated wall 32 through which the drive shaft
16 passes such that the motor 18 is located outside the
enclosed volume 24 and the brackets 14 and compart-
ments 12 rotated by the motor are located within the en-
closed volume 24. The drive shaft 16 may comprise one
or more drive shaft sections to facilitate construction.
[0048] The motor 18 is coupled to the driveshaft 16 in
such away as to induce vibration in the driveshaft 16 and
hence in the brackets 14 and compartments 12 during
rotation of the driveshaft 16. The apparatus 10 includes

10

15

20

25

30

35

40

45

50

55

a controller 54 coupled to the motor 18 for controlling the
motor 18.

[0049] Figure 4 shows a schematic cross section
through a compartment 12. The compartment 12 com-
prises an insulated wall 34 which forms an end wall 36
and side wall 38 of the compartment 12. The compart-
ment 12 is closed at an open end 48 by a movable seal
wall 40, or lid, which is substantially uninsulated as de-
scribed above. The seal wall 40 may be removable or
just movable to allow access to a frozen product within
the compartment 12.

[0050] An airvent42is provided through the side wall
38 and afill valve 44 is provided through the side wall 38
on the opposite side of the compartment 12 from the air
vent 42. This allows the seal wall 40 to seal the compart-
ment 12 after the addition of a suitable quantity of par-
ticulates and for a liquid to be filled into the compartment
12 through the fill valve 44 with the displaced air escaping
through the air vent 42. This allows an internal volume
46 of the compartment 12 to be substantially filled with
liquid if desired.

[0051] The cross section of the internal volume 46 of
the compartment is substantially constant as it extends
away from the seal wall 40, or tapers inwards slightly
towards the end wall 36. The seal wall 40 is the same
size as, or extends beyond, the cross section of the in-
ternal volume at the open end 48. This arrangement of
parallel or inwardly tapering walls extending away from
an opening that is substantially unobstructed allows a
frozen product to be easily removed from the compart-
ment 12.

[0052] Figure 5 shows a schematic view of a bracket
14. The bracket 14 includes a plurality of compartment
holders 50, each of which holds a compartment 12. The
bracket includes a drive shaft aperture 52 through which
the drive shaft 16 to which the bracket 14 is to be attached
will pass to allow the bracket 14 and hence the compart-
ments 12 to be rotated about an axis 20.

[0053] The compartment holders 50 may be recesses
into which at least a part of the compartments 12 fit, or
they may include clamping mechanisms for gripping the
compartments 12. The compartments 12 may be mount-
ed to the bracket 14 with the uninsulated portion directed
away from the bracket 14, for example with their end
walls 36 adjacent the bracket 36 and the seal wall 40
directed away from the bracket 14.

[0054] To create a frozen product 1 comprising a solid
matrix 2 of frozen liquid and particulates 4 distributed
throughout the matrix 2 as shown in Figure 1 particulates
4 are added into a compartment 12 and a liquid which
will ultimately form the frozen, solid matrix 2 is charged
into the compartment. The liquid can be added through
the open end 48 of the compartment 12 before the com-
partmentis sealed, or though the fill valve 44. Depending
upon the design of the fill valve 44 it may be possible to
add the particulates 4 as a slurry with the liquid through
the fill valve 44. The particulates 4 can also be added
though the open end 48 of the compartment 12 before
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the compartment 12 is sealed.

[0055] The compartment 12 containing the liquid and
particulates 4 is then coupled to the bracket 14 along with
other filled compartments 12 if desired. The bracket 14
is coupled to a drive shaft 16 within an enclosed volume
24 of a freezer compartment 22. This coupling can occur
before or after the compartments 12 are mounted onto
the bracket 14.

[0056] The freezer compartment 22 is closed to en-
close the volume 24 and the freezer controller 26 is used
to activate the cooling element 28 to reduce the temper-
ature within the enclosed volume to a temperature below
the freezing temperature of the liquid in the compart-
ments 12.

[0057] The motor controller 54 controls the motor 18
to cause rotation of the drive shaft 16 only in a first direc-
tion for a first predetermined time and then only in a sec-
ond, opposite direction, for a second predeterminedtime.
The first and second predetermined times may be sep-
arated by a static period during which no rotation takes
place and there may be static phases during the first
and/or second time periods. The cycle can repeat the
same sequence, or with different first, second and static
periods.

[0058] During the rotation driven by the motor 18 the
compartments 12 and the contents thereof are losing
heat to the enclosed volume 24. Due to the insulation in
the wall 34 of the compartments 12 the compartment
cools fastest adjacent the uninsulated wall, in this case
the seal wall 40. This preferential cooling at the seal wall
40 end of the compartment 12 results in the seal wall 40
becoming a freeze initiation wall. As a result of the dif-
ference in thermal conductivity between the insulated
wall 34 and the uninsulated seal wall 40 the liquid within
the compartment begins to freeze adjacent the seal wall
40 and the interface between frozen matrix and liquid
gradually travels along the compartment 12. This con-
trolled freezing from an initiation wall is referred to as
directional freezing and the direction of travel of the
freeze interface is preferably substantially parallel with
the axis 20 about which the compartment 12 is rotated.
[0059] During the directional freezing process de-
scribed above particulates 4 become trapped in the fro-
zen matrix 2 and, due to the rotation of the compartment
12 and any eddy currents that may be set up within the
liquid in the compartment 12, the distribution of those
particulates within the matrix 2 is substantially random
so the particulates are distributed substantially through-
out the matrix.

[0060] The directional freezing process also helps to
create a clear frozen matrix 2, particularly in water, which
expands as it freezes. During a directional freezing proc-
ess impurities and air bubbles that may cause cloudiness
or cracks are not trapped in the centre of the matrix as
might occur with a normal freezing process in which all
walls are cooled at a similar rate (all have substantially
the same level of insulation), but are forced away from
the freeze initiation wall meaning that the frozen matrix
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adjacent the freeze initiation wall comprises less impuri-
ties than the average for the bulk liquid.

[0061] Once the rotation and cooling process has pro-
ceeded for a time period during which it is expected that
sufficient of the liquid will have frozen to form the solid
matrix the compartments 12 can be removed from the
bracket 14 and enclosed volume 24, and the seal wall
40 removed. The frozen product can be extracted
through the open end 48 of the compartment 12.
[0062] As noted above, the directional freezing proc-
ess tends toresultin a frozen matrix with fewer impurities,
and typically therefore greater clarity, at the end of the
compartment adjacent the freeze initiation wall. As a re-
sult of thisitmay be desirable to allow only a partial freeze
within the compartment so that the frozen matrix remains
sufficiently pure for its desired purpose. Alternatively it
may be desirable to allow a more complete, or a com-
plete, freeze and then remove a portion of the frozen
product furthest from the freeze initiation wall if it is con-
sidered to be too impure.

[0063] A directional freezing process is illustrated in
Figures 6, 7, 8a, 8b and 9.

[0064] Figure 6 shows a compartment 12 filled with
liquid water 56 and particulates of gold flake 58. The rest
of the apparatus 1 is not shown to simplify the figures.
Asthe compartment 12 is cooled during the freezing proc-
ess the liquid loses heat more rapidly through the unin-
sulated end seal 40.

[0065] Freezing of the water 56 into a frozen matrix of
ice 60 begins at the seal wall 40, or freeze initiation wall,
as heat is lost more rapidly at this location, and the inter-
face between the ice 60 and water 56 gradually moves
along the compartment 12 as the thickness of the ice
increases. An intermediate position is shown in Figure
7. As the ice 60 grows along the compartment 12, along
a freeze axis substantially parallel with the axis about
which the compartment is rotated and running substan-
tially centrally through the compartment from the freeze
initiation wall, gold particulates become randomly
trapped in the ice 60. Impurities initially present in the
liquid water 56 tend to become concentrated in the re-
maining liquid water 56 as the pure water has a higher
freezing point. This means that the ice formed near the
seal wall 40 tends to be more pure than ice formed nearer
the end wall 36.

[0066] Figures 8a and 8b show different possible end
points that could be selected for the method of creating
a frozen product. In Figure 8a the freezing process is
ended before all the liquid 56 initially present freezes.
Particularly for water this allows for easy extraction of a
frozen product comprising only ice 60 of sufficient purity
to be visually substantially clear and transparent with the
impurities that may cause cloudiness in the ice 60 being
concentrated in the remaining water 56.

[0067] In Figure 8b the freezing process is continued
until substantially all of the liquid water 56 initially present
has frozen into ice 60. In this case the ice will have a
substantially pure, substantially clear and substantially
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transparent end which gradually becomes cloudy along
the product. Such a product can be supplied to consum-
ers in this graduated form or, as may be preferred, the
cloudy end can be removed to leave only a substantially
pure, clear and transparent frozen product.

[0068] In Figure 9 the seal wall 40 is shown removed
from the compartment and the frozen product 1 extracted
and further processed if required, for example by remov-
ing cloudy portions, or through additional shaping steps.
[0069] The term substantially clear and substantially
transparent can be regarded as a subjective test for a
manufacturer of the product based upon what will be ac-
ceptable for consumers. For a water based product in-
creasing the purity of the initial liquid water will increase
the yield of acceptable substantially clear and substan-
tially transparent ice if that is desired. Impurities such as
dissolved salts may be deliberately added to provide a
visual effect in the final product if desired. If the finished
ice product is to be used to chill food it will be understood
that such impurities should be edible and may include,
for example, vitamins and minerals considered essential,
or beneficial, for human health.

[0070] Figure 10 shows a schematic cross section
through a compartment 12 as shown in Figure 4. In this
case the compartment 12 includes internal walls 62. The
internal walls 62 sub-divide the compartment 12 into a
plurality of sub-compartments 64, each of which may be
individually loaded with a predetermined amount of par-
ticulates 58 to produce a desired effect. A waste sub-
compartment 66 is left adjacent the end wall 36 furthest
from the seal wall 40 in which itis expected that the frozen
product may be cloudy. Such a sub-compartment need
not be included. In this case there are three sub-com-
partments 64 between the seal wall 40 and the waste
sub-compartment, butin another embodiment there may
be only one and the internal walls may subdivide the com-
partment 12 into cubes having sides of about 35mm and
the waste sub-compartment may be about 20mm deep.
[0071] It should be understood that this method is in-
tended primarily for use with, and has been described
mainly in connection with, using liquid water to produce
decorative ice cubes. However, the principles described
herein, such as rotation, vibration and directional freezing
may be applied to the creation of frozen products from
different liquids.

Claims

1. A method for producing a frozen product comprising
a solid matrix throughout which particulates are dis-
tributed using an apparatus comprising at least one
compartment which is rotatable about an axis, the
method comprising the steps of:

a) adding to the compartment a liquid to be fro-
zen to form the matrix and particulates to be dis-
tributed therein;
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10.

b) reducing the temperature around the com-
partment to a temperature below the freezing
point of the liquid;

c) rotating the compartment about the axis while
atleast some ofthe liquid freezes within the com-
partment trapping at least some of the particu-
lates within the frozen matrix; and

d) removing the frozen product from the com-
partment.

A method as claimed in claim 1, in which the com-
partment is bounded by one or more walls, including
a freeze initiation wall, at least some of the walls
being insulated and the freeze initiation wall being
substantially uninsulated such that freezing of the
liquid begins at the freeze initiation wall and
progresses through the compartment away from the
freeze initiation wall.

A method as claimed in claim 1 or claim 2, in which
the compartment includes an inlet and an air valve
and the method includes the step of adding liquid
through the inlet and allowing air to escape through
the air valve.

A method as claimed in any preceding claim, in which
step (c) of the method includes rotating the compart-
ment about the axis in one direction for a first pre-
determined time and then rotating the compartment
in the opposite direction for a second predetermined
time.

A method as claimed in any preceding claim in which
the rotation occurs at between 0.1 and 60 revolutions
per minute.

A method as claimed in any preceding claim, in which
the compartment is vibrated during the rotation step.

A method as claimed in any previous claim, in which
the liquid to be added to the compartment is viscosity
adjusted to prior to adding into the compartment.

A method as claimed in any preceding claim, in which
the liquid is water and at least some of the particu-
lates are made from one or more metallic leaf mate-
rials selected from the list comprising gold leaf, silver
leaf, bronze leaf and copper leaf.

A method as claimed in any preceding claim, in which
at least some of the particulates include a coating to
modify the overall density of the particulate from that
of the base material of the particulate to more closely
match the density of the liquid.

Apparatus suitable for carrying out the method of
any one of the preceding claims, the apparatus com-
prising a compartment, a bracket, a drive shaft and
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a motor, the motor being coupled to the drive shaft
such that the motor can cause rotation of the drive
shaft, the compartment being coupled to the bracket
which can be driven by the drive shaft to cause the
compartment to rotate about an axis.

Apparatus as claimed in claim 10, in which the ap-
paratus includes a freezer apparatus containing an
enclosed volume, the temperature of which can be
controlled to be below the freezing point of the liquid
to be frozen.

Apparatus as claimed in claim 11, in which the motor
is located outside of the enclosed volume of the
freezer and the drive shaft passes through a wall of
the freezer to the bracket and compartment within
the enclosed volume.

Afrozen product comprising a frozen matrix with par-
ticulates distributed substantially throughout the ma-
trix.

A frozen product as claimed in claim 13, in which the
frozen matrix is ice and at least some of the partic-
ulates are made from one or more metallic leaf ma-
terials selected from the list comprising gold leaf, sil-
ver leaf, bronze leaf and copper leaf.

A frozen product as claimed in claim 13 or claim 14,
in which at least some of the particulates are in the
form of a leaf, sheet, petal, dust, flake, designed
shapes, letters and numbers.
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